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Abstract

Grief over the loss of a family member may cause physical and mental illness, but an association 

between bereavement and cancer risk has not been established. Based on the Swedish National 

Cervical Screening Register (1969–2011) including 14,011,269 smears from 2,466,107 women, 

we conducted two nested case-control studies to examine the associations of bereavement (i.e., 

loss of a family member due to death) with abnormal cytology (390,310 first abnormal and 

1,951,319 normal smears) and in situ/invasive cervical cancer (75,128 case and 375,640 control 

women), both individually matched on year of birth and screening adherence. Among 1,696 of the 

control women, we further investigated bereavement in association with HPV infection, both 

HPV16 and other HPV types. Bereavement was consistently associated with a 4–9% increased 

risk for first abnormal cytology, in situ and invasive cervical cancer (all P<0.02). The associations 

became stronger when multiple losses, loss of child, sibling or spouse, and loss due to unnatural 

cause were analyzed separately (P for trend or difference<0.0001), and for women with high 

screening adherence (P for difference<0.05). Among 1,696 women who had not developed 
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cervical cancer, we further investigated the link between bereavement and HPV infection. 

Bereavement was associated with a 62% increased risk of HPV16 infection, high viral load, and 

recurrent infection, and was also more strongly associated with HPV infections designated as 

high-risk compared to low-risk determinants of cervical carcinogenesis. Collectively, our findings 

demonstrate that bereavement is associated with an increased risk of developing cervical cancer. 

Further, they suggest that this association may be attributed to stress-induced oncogenic HPV 

infections.
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INTRODUCTION

Bereavement is known to induce excess ill-health, in terms of both physical and mental 

illnesses (1). Whether or not bereavement is also associated with an increased risk of cancer 

is debated. Compared to several other cancer types, the literature on cervical cancer is, in 

this context, limited and conflicting. Two studies demonstrated an increased risk of invasive 

cervical cancer (ICC) after the loss of a close relative (2,3), whereas another three showed 

no association between bereavement and ICC (4–6). Similarly, some (7,8), but not all (9–

12), earlier studies have suggested a link between psychological stress and cervical 

intraepithelial neoplasia (CIN). Although the accumulated evidence from human studies 

remains inconclusive, compromised immunosurveillance and overexpression of viral 

oncogenes resulting from stress-induced neuroendocrine dysregulation have been proposed 

as plausible biological mechanisms underlying the association between psychological stress 

and cervical carcinogenesis.

Oncogenic types of the human papillomavirus (HPV) have been established as necessary but 

not sufficient causes in cervical carcinogenesis (13). Most women who contract HPV 

develop neither persistent infection nor cervical neoplasia, and it is unclear which factors 

modulate the individual likelihood of malignant transformation after a primary contact (14). 

We hypothesized that exposure to severely stressful life events may increase host 

vulnerability to oncogenic HPV infections and subsequently cervical neoplasia. To this end, 

we used nationwide registers of cervical screening and cancer in Sweden to investigate the 

potential contribution of bereavement throughout the disease course of ICC, from a first 

cytologically abnormal smear, to cervical dysplasia and eventually to cervical cancer. We 

further leveraged two population-based studies with rich information on HPV infection to 

examine whether a causal link might be further corroborated by enhanced HPV infection 

following the bereavement.

METHODS

Study Base

The Swedish National Cervical Screening Register (NKCx) has since 1967 collected 

information on all cervical Papanicolaou smears in Sweden, through both the national 
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screening program and opportunistic screening (nationwide since 1995) (15). In the present 

study, we included all women born in Sweden since 1932 onward with at least one smear 

recorded in the NKCx during 1969–2011 (n=2,466,107) (Figure 1).

Using the individually unique national registration numbers, we followed all women through 

cross-linkages to the Swedish Cancer, Patient, Cause of Death and Migration Registers. The 

Cancer Register is available since 1958 and is essentially 100% complete. The Patient 

Register collects hospital discharge records in Sweden from 1964/1965, including 60% of 

the entire country in 1969, 85% in 1983, and 100% since 1987. All women were followed 

from January 1, 1969 or birth, whichever occurred later, to a first diagnosis of in situ/

invasive cervical cancer (through the Cancer Register), total hysterectomy (through the 

Patient Register), death, emigration, or December 31, 2011, whichever came first. During 

follow-up (median: 43 years), we identified in total 14,011,269 smears among the 

participating women (Figure 1).

Organized cervical screening was first implemented in Sweden in the 1960s (16). Initially, 

women at 30–49 years of age (later 25–49) were invited to screening every 3–4 years; since 

1998, women at 23–50 and 51–60 years of age have been invited every three and five years 

respectively (16). We defined degree of screening participation as the accumulated years of 

participation divided by the sum of years scheduled for screening, until the first recorded 

abnormal smear (16). Screening adherence was accordingly classified into five levels, 

including the quartiles of the calculated degree of participation and “unscreened” (i.e., with 

only opportunistic smears during the study period).

We conducted three analyses to assess separately the associations of bereavement with first 

abnormal cytology, in situ/invasive cervical cancer, and HPV infection (Figure 1).

Study Design

Abnormal cytology—We defined a smear as “abnormal” if any abnormal cytology was 

diagnosed, including atypical (i.e., atypical squamous cells of undetermined significance or 

atypical glandular cells), low-grade (i.e., low-grade squamous intraepithelial lesion or 

koilocytosis), and high-grade (i.e., high-grade squamous intraepithelial lesion or worse) 

abnormalities. We used the first abnormal smear during follow-up of each woman as the 

case smear, and accordingly the follow-up was censored at the first smear of abnormal 

cytology. Using incidence density sampling, we individually matched each case smear with 

five cytologically normal smears from other women on year of birth and screening 

adherence. We identified 390,310 first abnormal and 1,951,319 control smears for this 

analysis (Figure 1 and Supplementary Table S1).

In situ and invasive cervical cancer—During follow-up, we identified 69,674 and 

5,454 cases of histopathologically confirmed in situ and invasive cervical cancer of any 

histological type, respectively (Figure 1 and Supplementary Table S1). In situ cancer 

included both carcinoma in situ (equivalent to CIN3 in the Cancer Register) and 

adenocarcinoma in situ. Women who developed invasive cancer from in situ cancer (N=300) 

were only included in the analysis of in situ cancer since the follow-up was censored at the 

time of the first event of cervical cancer. Using incidence density sampling, we individually 
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matched each case woman with five women without any cervical cancer (n=375,640), on 

year of birth and screening adherence. All cases were classified by histological type: 

squamous cell, glandular cell, or other origin. ICC cases were further classified by mode of 

detection (i.e., screening detected cancer, interval cancer, and screening-overdue or 

unscreened cancer).

HPV infection—For this analysis, we used data from two earlier population-based studies, 

the National Cervical Screening Register (NCSR) Study (17,18) and the Uppsala Study (19), 

which had a primary aim of assessing the impact of HPV infection on the risk of cervical 

cancer. While the NCSR Study enrolled 1,360 cases (both in situ and invasive cervical 

cancer) and 1,360 controls from six Swedish counties during 1969–2002, the Uppsala Study 

enrolled 478 cases of carcinoma in situ and 608 controls from Uppsala County during 1969–

1995. All available smears taken before the diagnosis of case women in each case-control 

pair were retrieved and tested for HPV infection (17,19). For our analysis, we only included 

smears from the control women, aiming to investigate the association between bereavement 

and HPV infection in a population at risk for cervical cancer.

Since the control women of both the NCSR Study and the Uppsala Study were randomly 

selected from women participating in cervical screening in these different counties during 

the respective study periods, these control women existed also in the NKCx. We first 

excluded smears not identifiable in our study base, leaving 4,987 smears from 1,770 women 

in the analysis (Figure 1). Smears with poor cellularity were also excluded (n=515). Among 

consecutive smears with a sampling interval of <1 year, only the first smear was included, 

assuming that the following smears within one year were likely diagnostic smears and not 

independent from the first smear (n=439). Finally, we included 1,696 women with 4,033 

smears tested for HPV16 (including 203 HPV16 positive and 3,830 HPV16 negative 

smears) for the analysis of HPV16 infection. A total of 160 positive smears were also 

measured for HPV16 viral load (17,19) and were further classified as high or low viral load 

levels (20). All HPV16 positive smears were used as the case smears, whereas all HPV16 

negative smears as the control smears (Supplementary Table S1).

Besides HPV16, 2,046 of 2,464 (83%) smears from the control women of the NCSR Study 

were tested for another 15 high-risk and six low-risk HPV types (Figure 1). Smears with a 

positive finding of any HPV types tested served as the case smears whereas the smears 

negative on all HPV types served as control smears in this analysis. We additionally 

analyzed bereavement in association with infection of high- and low-risk HPV types 

separately. Smears with a positive finding of any low-risk or high-risk HPV types tested 

served as the case smears for the analyses of low-risk and high-risk HPV infections 

respectively, whereas smears with a positive finding of both low-risk and high-risk HPV 

types contributed to both analyses.

Bereavement—We identified immediate family members including children, spouse, 

siblings and parents for all participating women from the Swedish Multi-Generation 

Register. This register contains largely complete familial linkages for all Swedish residents 

born in 1932 onward (21), which allowed us to identify mother for 97% and father for 95% 

of these women. We were also able to identify children for 1,850,858 (75.7%), siblings for 
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2,185,164 (89.3%), and spouse for 1,917,286 (78.4%) of all participating women. Spouses 

were defined through a registered common biological child. Bereavement, defined as the 

death of a family member, was ascertained through linking all family members to the Cause 

of Death Register during 1961–2011. We defined the exposure as bereavement before 

reference date, i.e., the date of diagnosis for the analysis on in situ/invasive cervical cancer 

and the date of smear for other analyses.

Bereavement was first categorized as loss of parent or loss of a child, spouse, or sibling, and 

further as due to unnatural (i.e., self-inflicted or other injuries) or natural cause of death. 

Time since bereavement was defined by the interval between date of loss and the reference 

date (≤1 year, 2–4 years, or ≥5 years).

Lifestyle factors—To evaluate the potential impact of lifestyle factors on the studied 

associations, we compared the distributions of smoking, sexual behavior, oral contraceptive 

use, parity, and abortion between women with and without bereavement. This analysis was 

performed among 345 of the control women in the Uppsala Study, for whom detailed 

questionnaire data were available (22).

Statistical Analyses

We used odds ratios (ORs) with 95% confidence intervals (CIs) estimated from conditional 

logistic regression to investigate the association between bereavement and first abnormal 

cytology. We further stratified the analyses by screening adherence (high, low, or 

unscreened). High adherence was defined if the degree of participation was above, whereas 

low adherence if below, the median value of all screened women. To assess whether the 

association of bereavement with abnormal cytology might be driven by prevalent but yet 

undiagnosed cervical cancer, in a sensitivity analysis, we excluded all abnormal smears with 

a subsequent diagnosis of in situ/invasive cervical cancer during the following six months.

We used conditional logistic regression to estimate the association of bereavement with in 

situ/invasive cervical cancer. Additional analyses were performed by cancer histology for all 

cases, and by mode of detection for ICC. To assess a potential modifying effect of age on 

the associations (2,3), we further plotted ORs by age at reference date using locally 

weighted scatter-plot smoothing (23).

We used logistic regression to estimate the ORs of HPV16 infection and multinomial 

logistic regression to estimate the relative risk ratios (RRRs) of HPV16 viral load levels. To 

specifically assess the role of bereavement on recurrent HPV infection, we stratified the 

analyses by the HPV16 status of the preceding smears for both the case and control smears. 

To further assess the robustness of our findings, we also stratified the analysis by study (the 

NCSR Study and the Uppsala Study). Finally, we used logistic regression to assess the 

associations of bereavement with infection of high-risk and low-risk HPV types separately. 

All analyses were adjusted for age at smear, and accounted for within-subject correlations 

using robust variance estimates. Analyses were performed using SAS 9.3 (SAS Institute) 

and STATA 13.1 (StataCorp LP). The study was approved by the Regional Ethical Review 

Board in Stockholm.
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RESULTS

Abnormal Cytology

Bereavement was associated with a slightly but significantly increased risk of first abnormal 

cytology (P<0.0001), with a clear dose-response relationship by number of bereavements 

(Table 1). The association was particularly strong for loss of a child, spouse, or sibling and 

loss due to unnatural causes. Time since bereavement did not modify the association. A 

stronger association was observed among women with high screening adherence.

Consistent associations were observed for atypical, low-grade, and high-grade abnormalities 

(Supplementary Table S2) and after excluding abnormal smears with potentially prevalent 

cervical cancer (Supplementary Table S3).

Cervical Cancer

Slightly increased risks of both in situ and invasive cervical cancer were observed among 

women with bereavement (P<0.0001 and P=0.0168) (Table 2). The associations were not 

modified by time since bereavement, but were much stronger for multiple losses, loss of a 

child, spouse, or sibling, and loss due to unnatural causes. The associations were also more 

pronounced among women with high screening adherence. While loss of a child, spouse, or 

sibling was consistently associated with a higher risk of in situ cervical cancer through 

different age spans, loss of a parent was only significantly associated with a higher risk of in 

situ cervical cancer at younger ages (Figure 2). Similar results were suggested for ICC 

(Figure 2). The association did not differ by cancer histological type or mode of detection 

(Supplementary Table S4).

HPV Infection

We observed a 62% increased risk of HPV16 infection among bereaved women (95% CI 

1.05 to 2.50) (Table 3). The association was driven by high viral load infection and was 

stronger among women with a history of HPV16 infection. The association also appeared to 

be stronger among women with high screening adherence (P=0.060). Bereavement 

characteristics or study source did not modify the association (Supplementary Table S5).

A stronger association of bereavement was noted with infections of high-risk, compared to 

low-risk HPV types (Table 3). When HPV16 was excluded from the high-risk HPV group, a 

positive association was still suggested although not statistically significant (OR 1.50, 95% 

CI 0.90–2.49).

Lifestyle Factors

Women with bereavement did not differ from women without bereavement, regarding self-

reported smoking, oral contraceptive use, number of sexual partners, parity, or abortion (all 

P values > 0.05), although they were slightly older at start of smoking (P=0.013) 

(Supplementary Table S6).
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DISCUSSION

Based on nationwide registers in Sweden, we found consistent associations of bereavement 

with subsequently increased risks of oncogenic HPV infection, abnormal cytology, as well 

as in situ and invasive cervical cancer. Although the overall associations for abnormal 

cytology and cervical cancer were generally weak, these associations became much stronger 

when multiple bereavements, loss of a child, spouse, or sibling, and bereavement due to 

unnatural causes were analyzed separately. Loss of a parent was the most common type of 

bereavement and was only associated with an increased risk of cervical cancer before 40 

years of age, highlighting the potential importance of early life bereavement on cervical 

cancer development.

To the best of our knowledge, we are the first to comprehensively investigate the link 

between bereavement and cervical cancer development, through precancerous stages to 

invasive malignancy. We have previously reported increased risk of ICC among women 

with loss of a child during adulthood or loss of a parent during childhood (2,3). In the 

present study, we extended these findings to earlier phases of cervical carcinogenesis, 

including first smear with abnormal cytology and in situ cervical cancer. In addition, we 

examined a wider range of stressful exposures including different types of loss within the 

family instead of, as earlier, only one specific type (2,3,5,6) Lastly, we assessed whether the 

influence of different types of losses with age on the risk of cervical cancer varied with age 

Interestingly we were able to demonstrate that loss of a parent was associated with a higher 

risk of ICCs and in situ cervical cancer in early life but not thereafter, whereas loss of child, 

sibling, or spouse was consistently associated with a higher risk of these outcomes 

throughout the life span. Finally and importantly, based on a relatively smaller sample of the 

study participants, we were able to illustrate that the impact of bereavement on cervical 

carcinogenesis may be mediated through promoting oncogenic HPV infections, and is 

unlikely to be completely explained by differential lifestyle factors.

No clear temporal relationship was detected between time since bereavement and cancer 

development. This is however not surprising since neither bereavement nor cervical 

carcinogenesis is an instantly developed event. Severe distress in anticipation of losing a 

loved one might have started long before the actual loss and cervical cancer takes many 

years to develop (14). The lack of temporal pattern may also be conceptualized assuming 

that bereavement may indeed impact different phases of cervical cancer development, 

namely that bereavement and its resultant psychological stress might facilitate a new HPV 

infection among women without previous contact to HPV, promote a primary HPV contact 

to oncogenic HPV infection among women with a prevalent HPV infection, and expedite the 

progression from low-grade to high-grade precancerous lesions, as well as from precancer to 

cancer among women with cytological lesions.

Infections with high-risk HPV types, particularly persistent, high viral load infection with 

HPV16, are known determinants of cervical carcinogenesis (14,17). The stronger association 

observed between bereavement and high viral load infection of HPV16 may lend support to 

a role of bereavement in promoting overexpression and malignant transformation of HPV 

oncogenes (24–26); whereas the stronger association with repeated infections may suggest 
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that bereavement may induce compromised host immunosurveillance and subsequently 

mediate persistence or reactivation of HPV infection (26). For example, psychological stress 

decreases T-cell proliferative response to HPV16 among women with cervical dysplasia 

(27), and stress hormone down-regulates the expression of class I human leukocyte antigens 

(28). Furthermore, psychological stress has also been demonstrated to induce higher titers of 

Epstein-Barr virus (EBV) antibodies as well as reactivation of EBV, cytomegalovirus, and 

herpes simplex virus (29–32). Our findings substantiate, therefore, the hypothesis that 

bereavement contributes to cervical carcinogenesis through promoting oncogenic HPV 

infections and modulating host vulnerability to such infections.

Given the unique nationwide cervical screening and cancer registers, the major strength of 

our study is the opportunity to study the impact of bereavement on different phases of 

cervical carcinogenesis. Given the strictly defined study base and time-varying nature of the 

bereavement exposure, we performed three case-control studies nested in the study base. 

Nested case-control study is computationally efficient and preserves the validity of full 

cohort analysis (33). By linking NKCx to other nationwide registers, we obtained essentially 

complete ascertainment of both the exposure and outcomes, and importantly, all such 

information was independently and prospectively collected, alleviating concerns regarding 

selection and information biases. Although the NKCx was not nationwide until 1995, 

analysis restricted to the period 1995–2011 rendered similar results (data not shown).

One limitation of the present study is the lack of information on lifestyle factors for all 

included women. Lifestyle factors might be associated with the risks of both bereavement 

and cervical cancer. As screening adherence is highly correlated to both socioeconomic 

status (34) and the risk of cervical dysplasia and cancer, we carefully matched or adjusted 

for degree of screening participation whenever possible and stratified all analyses by 

different screening adherence. In a sensitivity analysis, we additionally adjusted for 

socioeconomic status obtained from the Swedish Population and Household Censuses, and 

found that the results were virtually unchanged after this additional adjustment (data not 

shown). Bereavement might also entail lifestyle changes and consequently alter the risk of 

cervical cancer. Such lifestyle changes should, however, not be considered as confounders 

of the studied associations but rather mediators linking bereavement to cervical 

carcinogenesis. Regardless, in the present study, we showed that bereaved women did not 

differ significantly from other women regarding a few major established or suggested 

lifestyle risk factors for cervical cancer, including smoking, oral contraceptive use, sexual 

behavior, parity, and abortion, apart from HPV infection (35–37). Although this analysis 

was based on a small subset of our study participants, these women were randomly selected 

from the general population and had a very high response rate to the questionnaire (>90%) 

(22). The stronger association noted for infection of high-risk, compared to low-risk, HPV 

types further argued against a pure explanation by lifestyle factors, assuming that lifestyle 

factors alone would more likely lead to equally increased risks for both.

As we aimed to study a continuum of pathological events through the process of cervical 

carcinogenesis, some overlap among the study participants in the different analyses of the 

present study could be expected. For example, we found that 68,409 out of the total 390,310 

(17.5%) abnormal cytology smears and 70,143 out of the total 1,951,319 (3.6%) normal 
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cytology smears in the analysis of abnormal cytology belonged to women who later 

developed in situ/invasive cervical cancer. Similarly, we also found that 17 out of the total 

203 (8.4%) HPV16 positive smears and 134 out of the total 3830 (3.5%) HPV16 negative 

smears in the analysis of HPV infection were cytologically abnormal. To assess the 

independence of different results obtained in our main analyses, we performed additional 

analyses by excluding overlapping participants or smears. The results from these additional 

analyses remained largely unchanged (OR=1.03 of first abnormal cytology and OR=1.60 of 

HPV16 infection for any bereavement). Furthermore, given the nationwide design of the 

study, we enrolled almost all women with abnormal cytology or cervical cancer in Sweden 

during the study period. As a result, not all cases were independent of each other. For 

example, 3,617 cases of the 147,366 cases enrolled in the in situ/invasive cervical cancer 

analysis (2.45%) were sisters. Taking into account such familial dependence using clustered 

analysis did however not change the results clearly (data not shown).

We might have misclassified some cervical dysplasia as normal cytology, since cervical 

cytology is featured by high specificity while with moderate sensitivity (14). Since the 

validity of the cytology test should not have been influenced by the woman’s bereavement 

status, such potential misclassification, if any, would only have attenuated a real association 

between bereavement and abnormal cytology. Finally, although we aimed to 

comprehensively assess the role of bereavement due to loss of a close family member, other 

types of stressful life events were not considered and accordingly the impact of such 

additional events on the studied association could not be evaluated.

In conclusion, we found a consistent association of bereavement with all defined phases of 

cervical carcinogenesis. Although potential influence on unmeasured and unknown 

confounding could not be ruled out completely, such consistency, together with the clear 

dose-response relationship by the number and type of bereavement as well as clear biologic 

rationale proposed from previous experimental studies, lends strong evidence to refute the 

possibility of pure confounding or chance as explanations for these findings. We propose, 

therefore, that the observed associations are instead attributable to loss of the control of 

oncogenic HPV infections after bereavement, and psychological stress may serve as one of 

the modulators differentiating individual likelihood in the malignant transformation of a 

primary HPV contact. These findings may also be applicable to other infection-related, 

especially virus infection-related, cancers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. A Flow Chart Describing the Study Base and Three Analyses on Abnormal Cytology, 
Cervical Cancer and HPV Infection
Note: CC, cervical cancer; HPV, Human papillomavirus; NCSR, National Cervical 

Screening Register; VL, viral load; SNOMED, the diagnostic codes used by Swedish 

Association for Clinical Cytology.

* Among consecutive smears with a sampling interval of less than one year, only the first 

smear was included, assuming that the following smears within the one-year time window 

were more likely diagnostic smears and not independent from the first smear.

† We classified 160 HPV16 positive smears as high or low viral load infection based on the 

median viral load values. Due to a batch effect observed in the NCSR Study, cut-off values 

were calculated both per sampling period (1969–1984/1985–1989/1990–1994/1995–2005) 

and per test period (2005–2007/2008–2009).
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Figure 2. Odds Ratios of In Situ and Invasive Cervical Cancer among Women with Previous 
Bereavement, Compared to Women without Bereavement, Stratified by Age at Cancer Diagnosis
Note: Analyses on in situ cervical cancer were stratified by 5-year age groups (≤25, 26–30, 

31–35, 36–40, 41–45, 46–50, 51–55, 56–60, and ≥61 years). Analyses on invasive cervical 

cancers were stratified by 10-year age groups (≤30, 31–40, 41–50, 51–60, 61–70, and ≥71 

years). We plotted the scatters of odds ratios (ORs) at the median age of each age group. 

ORs and 95% confidence intervals (CIs) were fitted by locally weighted scatterplot 

smoothing.
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